The allele frequency net database (http://www .allelefrequencies.net) is an online repository that contains information on the frequencies of immune genes and their corresponding alleles in different populations. The extensive variability observed in genes and alleles related to the immune system response and its significance in transplantation, disease association studies and diversity in populations led to the development of this electronic resource. At present, the system contains data from 1133 populations in 608 813 individuals on the frequency of genes from different polymorphic regions such as human leukocyte antigens, killer-cell immunoglobulin-like receptors, major histocompatibility complex Class I chainrelated genes and a number of cytokine gene polymorphisms. The project was designed to create a central source for the storage of frequency data and provide individuals with a set of bioinformatics tools to analyze the occurrence of these variants in worldwide populations. The resource has been used in a wide variety of contexts, including clinical applications (histocompatibility, immunology, epidemiology and pharmacogenetics) and population genetics. Demographic information, frequency data and searching tools can be freely accessed through the website.
INTRODUCTION
Over recent years, a vast number of studies investigating the incidence of several genes involved in the immune system response have been reported in the literature. The extensive number of DNA sequence variants, differences in frequencies found among populations and their importance in scientific and clinical areas led to the implementation of a central source to store these frequencies (1) .
The allele frequency net database (AFND) is a public electronic resource dedicated to the storage of allele, haplotype and genotype frequencies of several immune genes. The information available on this database consists of genes principally related to the major histocompatibility complex (MHC). In humans, one of the main components of this complex is the human leukocyte antigen (HLA) system, which is considered to be the most polymorphic region in the human genome. With more than 100 genes suggested to have immunological functions (2) , this genomic region has been studied for many years with notable advances in clinical immunology (3) . The HLA system is recognized for its importance in transplantation (4) , associations in infectious diseases (5) , autoimmune diseases (6) and studies of diversity in populations (7) .
The AFND also contains information about other immune genes such as the killer-cell immunoglobulinlike receptors (KIR). Present on natural killer cells (NK), the products of some of these KIR genes interact with HLA Class I molecules and are suggested to influence resistance to infections, propensity to autoimmune diseases, and favorable outcome in hematopoietic stem cell transplantation (HSCT) (8, 9) . Additionally, the database has been expanded to contain MHC Class I chain-related (MIC) genes, which are located on the same region as HLA genes and associated to some diseases and rejection in transplantation (10) . Several cytokine gene polymorphisms are also included, which are proteins secreted in the immune response and linked to a number of diseases (11) .
The goal of the AFND is to serve as a warehouse of frequency data sets and provide an online repository with a set of querying tools for the examination of frequencies in different populations. Since the initial version of the website, a number of tools have been incorporated to improve searching mechanisms and include other polymorphisms. With more than 4000 allelic variants described in the IMGT/HLA database (12) as of Release 3.0.0 April 2010, the AFND constitutes an up-to-date data source for the examination of frequencies and confirmation of presence of HLA alleles. The web-based framework provides individuals with an online submission system, allowing data to be contributed by the wider research community. One of the main features that distinguishes the AFND is that data sets stored have been manually curated, through a process of data validation to provide researchers with accurate results. Data and searching tools can be freely accessed by any individual through the http://www.allelefrequencies.net portal.
IMPLEMENTATION
To facilitate the maintenance and retrieval of information, the back-end of the AFND is based on a relational database model utilizing MySQL as the database management system. The database can be accessed utilizing any of the most common web browsers. The use of a web browser as a front-end gives the facility to users to access data without the necessity of installing a package. Web pages were implemented using the active server pages scripting environment for the development of dynamic pages, with the assistance of the JavaScript language for data entry validation. Additionally, the asynchronous JavaScript and XML (AJAX) technology was included in some of the searching mechanisms to allow simpler user interaction and improved visualizations.
The graphical display of this software was developed using HTML and CSS to guarantee a standard visualization in the majority of common browsers. Presently, all web pages have been tested on Internet Explorer 8 Õ , Firefox 3.5 Õ , Safari 4 Õ , Opera 9 Õ and Google Chrome 4 Õ .
WEBSITE ORGANIZATION AND CONTENT
The allele frequency net website is divided into four main sections: HLA, KIR, MIC and cytokine frequencies. Each section consists of different querying tools depending on the availability of data in each polymorphic region, i.e. haplotype, genotype or allele frequency, breakdowns to summarize the existing data in each polymorphism and other online tools such as searches for rare HLA alleles and the frequency of particular amino acids within a given position in a population (Table 1) . Searches in each section have been designed with a set of instructions on how to perform the query. The AFND is regularly updated to include new user submissions and information from relevant peer-reviewed publications. Additionally, due to the constant increase in the number of alleles identified by molecular methods, the database is periodically updated according to the official nomenclature from latest releases available on the IMGT/HLA and IPD-KIR databases (12, 13) . At present, alleles on the website have been updated containing the most recent nomenclature guidelines for allele designations (14) .
Population data sets
The collection of populations available on the AFND consists of 1133 population samples from 608 813 healthy unrelated individuals. The compilation comprises more than 100 000 records at allele, haplotype and genotype level within which HLA comprises 90% of the allele frequency entries ( Table 2 ). These populations are divided in 786 HLA populations, 181 KIR populations, 110 Cytokines populations and 56 MIC populations. Populations available on the database are mainly derived from peer-reviewed publications or from direct submissions to the website from individual laboratories. Our aim is to capture all previously published studies (between 1990 to present) and we believe that the vast majority of published data sets have been included in AFND. To date, this includes publications from more than 65 journals (a complete list of data sets and journals can be consulted via http://www .allelefrequencies.net/datasets.asp). Based on the interest of the user, the data may be searched according to the source (i.e. published | sent direct; anthropology studies, etc.). The bibliographic reference for each study is provided so that a user may verify what type of analysis the author has used for calculating frequencies. Frequency data submitted directly by an individual has typically been obtained by direct counting. When data has been published or sent directly to the AFND in which the author has not been able to differentiate some alleles (i.e. ambiguous data), a note in the publication details is used to describe how the frequency data was entered for one of the ambiguous alleles. For example, 'unable to differentiate alleles that are identical over exons 2 and 3 (Class I) or identical over exon 2 (Class II)', and where frequencies are reported for the first allele only.
Submission of data
One of the most important objectives in the design of the website was to provide users with an online submission form to incorporate their own studies through the website and which ensures consistency of demographic data. To do this, individuals are assisted during the submission process with drop down boxes to provide basic information related to demographic data such as a descriptive name of the population (country name, geographic region and ethnic origin), sample size, polymorphic region, latitude and longitude coordinates (if known), family background, methods used in typing and references in literature, if the study has been published. If a publication uses an ethnicity code that is not included in the drop down box, the ethnicity given by the submitter is added to the current list As such, a list of ethnicity codes is maintained in AFND to standardize reporting, although as yet we do not map these to any wider community controlled vocabulary (see 'Discussion' section). Individuals are requested to input the corresponding frequencies through an online web form or by providing a pre-formatted spreadsheet containing frequency results. User submissions then undergo a data validation procedure, performed by a group of curators of the AFND. Some of the validations include the selection of an appropriate name of the population to best describe the origin, i.e. Name of country followed by region and ethnicity if known. If a population submitted by a second group of individuals is geographically and ethnically similar to an existing population on the database, a consecutive number is assigned to that population to differentiate both data sets and to allow them to be compared (e.g. China Guangzhou Han, China Guangzhou Han pop 2). Therefore, the system has been designed to validate duplications. Other controls performed include verifying that the correct and current nomenclature has been used for an allele and, if not, the allele name is updated. The database contains the current definition of alleles, thus, data entered directly to the website will contain correct allele names. If necessary, the author of the data is contacted with any query or any change made by curators. For frequency data, values are added and for any summation greater or less than 1 the author is contacted. If there are frequencies that are >1 which cannot be explained, the submission is rejected. Frequencies which sum <1 are kept in the database. Unfortunately, on many occasions, data that is published is not always correct and editors of journals concerned are contacted to discuss these issues. Whilst the AFND cannot assess the typing accuracy of data provided, >90% of the data on the website has been peer-reviewed and published. Thus, the AFND relies on the accuracy of data being verified by the reviewers of the journals and acts mainly as a source for compiling data. It is our intention in the future to collect the raw data in order that we can be more proactive in assessing the quality of data.
Allele frequency searches
The most commonly used tool within AFND is the allele frequency search (AFS), with which users can examine the frequency of a particular allele in the existing population data sets, by filtering results with a set of criteria. The AFS is available for all polymorphisms on the website. To perform the search, users usually start with the selection of a locus and a particular allele to identify which populations are more likely to present the allele. To extend the searching criteria, users can select one, several or all populations, a set or range of alleles, country, geographic region, ethnicity and/or the year in which data was submitted ( Figure 1 ). In HLA, MIC and KIR polymorphisms, alleles can be typed at different levels of resolution (i.e. allele group, specific HLA protein, synonymous allele with a substitution within the coding region and differences in a non-coding region in that order, e.g. HLA-A*01:01:01:01) (14, 15) . The official nomenclature available on the IMGT/HLA and IPD-KIR databases describes alleles only at the highest resolution. To ensure that high resolution data can be retrieved when a low level resolution allele is selected, the search uses parsing methods to display all information that may be relevant to the user. For instance, a search for the HLA-A*02:01 allele will also display incidences of alleles at high resolution that start with HLA-A*02:01. Additionally, users are able to optimize their queries to further refine data sets by selecting populations with a sample size from a range of values and/or a specific level of resolution. Populations from recent years are more likely to contain alleles with a high resolution level and thus, more accurate data. Furthermore, recent additions include filters to search information on a specific source of data set and type of study, for example populations available in the literature oriented to anthropology studies. Results displayed in the search include the allele name, name of the population, allele and/or phenotype frequency and the sample size of the population to estimate the number of individuals who carry the allele. By clicking on the 'Population Name' hyperlink users can access demographic details of the population in which the allele is present. The list of output records can be sorted by allele or population and the corresponding frequency from highest to lowest value. Also, haplotype associations and graphical distribution overlaid on world maps are some of the recent options added for each record.
Haplotype frequency search
Following a similar multiple filter scheme, the AFND repository also includes a tool for querying haplotype frequencies from 7426 HLA haplotypes and 244 MICA-HLA-B association records from 147 325 individuals. At present, the collection of haplotypes consists of 344 globally distributed populations in 79 countries. The program permits the user to customize a frequency search by inputting an allele for one or more loci and search for associated haplotypes. Results can be filtered by a particular population, country, source of data, geographic region, ethnicity of the individual and number of loci tested for the haplotype. The haplotypic information can be more useful than information only on the allele, especially in clinical applications. Therefore, this search can be used as a complement of haplotype searches performed in bone marrow and solid organ transplant registries in which, on some occasions, the information about the ethnicity of the individual is unknown. Haplotypes can also be searched at lower or higher resolution and from two to eight routinely typed HLA loci (HLA-A, -B, -C, -DRB1, -DPA1, -DPB1, -DQA1 and -DQB1).
Genotype frequency search
One of the most recent developments included in the website has been the compilation of an inventory of KIR genotype profiles published in the literature. This section comprehends the most extensive archive of KIR genotypes and their corresponding frequencies in worldwide populations. Presently, the genotype data encompasses 2398 records of which 368 distinct KIR genotype profiles have been identified. The KIR genotype composition consists of 16 genes, which may be present or absent in a specific genotype. In the system, users can search for a particular genotype and examine its corresponding frequency from a list of 102 KIR populations available with genotype data. The genotype search provides different approaches to find the incidence of a specific profile. A list of all genotypes and the number of populations and individuals in which the profile has been found appears on the main screen.
Users are provided with a range of options including the selection of one or specific populations and one or many genes that constitute the genotype. The information displayed after performing the search comprises the genotype, the id of the genotype, which is automatically assigned by the AFND as a consecutive number, the haplotypes AA, Bx (where x can be A or B) which constitutes the genotype and the genotype frequency of populations considered on the selection (Figure 2) . If the genotype is not found from the initial search, users are provided with a list of the closest genotypes differing by one gene.
Other online tools
Amino acid analysis. The website provides a range of tools for other analyses, including the comparison of the existing populations at amino acid level for HLA populations. One of the approaches commonly used in disease association studies is to compare frequencies of alleles between patient and control groups. We have thus developed a tool that allows users to investigate potential molecular mechanisms, by analyzing the main differences in frequencies for a specific position of the allele at the amino acid level. A summary of frequencies for each differing amino acid is presented, allowing users to compare incidences that may be implicated in the association. In the system, users can enter their own data in a tab-separated text file or select an existing population in the database. Populations and data sets provided by users must be typed at protein level (e.g. A*01:01) to be able to perform the analysis.
Rare alleles. Following the continuation of a project of the 15th International Histocompatibility Workshop (IHWS) related to the rarity of specific HLA alleles, a utility has been built to allow users to search for a particular allele and display the number of confirmations submitted by different data sources [AFND, IMGT/HLA, national marrow donor program (NMDP) in the US and individual laboratories] (16). A default mechanism uses criteria to classify the rarity of the alleles. However, the tool also allows individuals to decide whether an allele is considered to be rare by selecting their own criteria. In this search, users are invited to confirm an allele, which has been seen in their laboratories by providing basic information concerning the rare allele. The site provides the option to export data to different format files including XML, tab-separated and commaseparated text files for the 'HLA Rare Allele' section, allowing users to integrate the information available in AFND with alternative bioinformatic packages. At present, users can print results from all searches using the printer-friendly version available for each search which can be used to export data sets in tabular format. To complement frequency data in searches for further analyses, the printer-friendly option includes information of latitude and longitude if users wish to plot frequencies on maps. Further download options will be developed in the future, in consultation with database users on their requirements.
Database users
The AFND has been extensively used in a wide range of contexts including clinical applications (Histocompatibility, Immunology, Epidemiology, Pharmacology, Rheumatology, etc.), Academic Research Centers, Research Centers (Cancer, HIV, Bone Marrow Transplant, Genomics, etc.), biotechnology and population genetics. The role of these users varies depending on their interest and is mainly categorized in three types: (i) users performing individual allele/gene frequencies queries to investigate whether an allele or haplotype from a tissue type of an individual may be frequent in a particular population, (ii) specialized users performing genetic population analysis by comparing specific frequency data sets from a particular group of populations and (iii) third-party application/database users interacting with the website by using bidirectional links and data sharing. The AFND has provided a significant resource for several genetics and cell function analyses, for example, several of the frequency data sets were used for analysis of balancing selection and heterogeneity in the HLA genes (17) , characterization of populations across regions (18) and many others.
DISCUSSION
By providing an immunogenetic frequency database accessible via a web-based interface, we aim to provide the medical and scientific community with a practical approach to investigate the incidence of genes and their alleles among populations. The multiple filter schemes performed in each of the frequency searches should allow users to optimize their searches and obtain the closest matching results.
The design of the database permits the addition of other polymorphisms of interest. Ongoing developments include a new section to display frequencies of minor histocompatibility antigens (mHags) which are also of relevance in HSCT and the improvement of maps showing frequencies in different populations. In the future, we would also like to incorporate further data / statistical routines into the AFND to allow users to apply advanced bespoke analyses of whichever populations they are interested in, and subsequently select which populations to include in a map display. We also plan to include other sections in the website such as KIR gene frequencies correlated with their HLA ligand frequencies [continuing the KIR anthropology component of the 15th IHWS (19) ] and a section for KIR and disease studies. We believe that several procedures on the website could be invaluable to users and we intend to provide a detailed user manual in the near future.
The AFND project also involves an active participation with international organizations, such as the HLA European Network (HLA-NET) and the Immunogenomics Data-Analysis Working Group (IDAWG) for the standardization and validation of frequency data sets, controlled vocabulary (e.g. ethnic origins, geographic regions, etc.), database schemas and data exchange.
CONCLUSION
AFND provides an important resource for the histocompatibility and immunogenetics community. Acting as a primary source, the database contains the most extensive archive of immune gene frequencies. Additionally, the development of novel mechanisms of querying and the incorporation of new polymorphisms have enriched the examination of the genes available. The database is still under active development and improvements can be applied in response to feature requests. Therefore, feedback from users is actively encouraged and will benefit the database. Full details of searches and data sets can be explored by accessing the www.allelefrequencies.net website.
